Immunization is one of public health's most successful and cost-effective interventions, saving up to three million lives every year, according to UN figures [1] . The Expanded Program on Immunization (EPI) was initiated in 1974 with the goal of providing universal immunization with essential vaccines. Among the initially targeted six vaccine-preventable diseases (VPDs), diphtheria, pertussis, tetanus, measles, poliomyelitis, tuberculosis, a substantial reduction in the burden of preventable childhood illnesses and deaths was achieved in its initial years [2, 3] . Over the past decades, national immunization programmes (NIPs) have become substantially more complex, with vaccines now available to protect against more than 20 infectious diseases, while health, societal, and political changes created additional volatility and ambiguity in often more uncertain environments (e.g., with the occurrence of conflicts, epidemics, or increasing vaccine hesitancy). Gavi, the Vaccine Alliance, was established in2000 primarilytoallownew vaccines to reach children in the poorest countries [4] . Stagnating global immunization coverage rates in many countries led global partners of the Decade of Vaccines Collaboration 1 to initiate the Global Vaccine Action Plan (GVAP) in 2012 [5] . This plan states in its mission "to extend, by 2020 and beyond, the full benefits of immunization to all people, regardless of where they are born, who they are, or where they live". The im-1 WHO, UNICEF, Gavi, BMGF, NIAID. portant focus on equitable immunization uptake and coverage is also reflected in the present Gavi strategy 2016-2020, and will likely be sustained in a subsequent Gavi strategy leading up to 2025 [6] and in the new Immunization Agenda 2030 (IA2030) [7] .
Major successes were accomplished during the decade. The mortality rate among children under 5 years of age has been driven down from 1/19 to 1/26 children in only 7 years between 2010 and 2017 [8] . More children than ever (116.3 million) are receiving three doses of DTP before their first birthday, 4.9 million more than in 2010. By 2018, 129 countries had reached at least 90% coverage of the third dose of DTP vaccine [9] . Country decision-making capabilities were strengthened, and many lifesaving vaccines were introduced primarily in the poorest countries [10] . Regional Vaccine Action Plans were designed, a global immunization monitoring and evaluation framework was established, and efforts were made to shape vaccine markets and to improve vaccine price transparency. Overall, the GVAP helped to build political will and kept immunization visible on the global agenda [11] .
But challenges remain, and NIPs across the world need to adapt to these by continuously revising and updating their immunization policies and strategies. Elimination and eradication goals for polio, measles, rubella, and neonatal tetanus have not been met everywhere and vaccine-derived polio virus and measles outbreaks are still circulating. Importantly, not every child or eligible person is being reached everywhere [11, 12] . Inequities in vaccine uptake and disease persist across countries, and inequalities in routine immunization coverage can contribute to the continued occurrence and outbreaks of VPDs. The global coverage of the third dose of diphtheria-pertussis-tetanus-pertussis (DPT) vaccine is stagnating at 86% with little change since 2010. In some countries, progress has even gone into reverse. One in 10 infants worldwide has still not received any vaccine as reflected in first dose DPT coverage and an estimated 19.4 million infants were not reached with routine immunization services such as three primary doses of DPT vaccine [8, 13] .
Coverage with the full complement of doses, including booster doses, is far lower and immunization in the second year of life and beyond still broadly inadequate. An additional 1.5 million deaths could be avoided if global immunization coverage improves [14] .
Within countries, geographical inequalities are apparent with district-level coverage varying substantially between easily accessible and more remote areas [15] . Social determinants of health, such as individual and household income and education, impact immunization uptake [16] and areas of low coverage often overlap with those that are home to ethnic minorities, as well as marginalized or nomadic and migrant populations [17] [18] [19] . In many situations, governments face challenges in reaching such underserved populations or lack the political will to do so. Increasingly, there are also substantial inequities in vaccine use between urban and rural populations [20] , with coverage in urban slum populations often as low as in remote rural communities. A preliminary sce-nario based on projected proportions of unimmunized children in rural and urban areas shows that almost half (44%) of the unimmunized and under-immunized children in the top 10 countries that were home to more than half of the unimmunized and under-immunized children in 2017 lived in urban areas, and almost every fifth unimmunized child (18%) lived in a slum [21, 22] . Inequalities in the vaccine coverage by wealth quintiles can also reach enormous dimensions. A child from a rich family can be up to 9 times more likely to be vaccinated for DTP3 than a child from a poor family in certain countries [23] .
These challenges call fora renewed and sustained global immunization strategy, taking into account emerging opportunities for building better immunization systems and services, but also for the development of new products and technologies. Such a global strategy is presently being drafted as part of the IA 2030 [7] .
The following four immunization approaches and strategies important to achieving both the existing GVAP and future IA 2030 goals are discussed: (1) Achieving equity in vaccination coverage; (2) expanding vaccination across the life course; (3) promoting integration of immunization in the health sector; and (4) learning lessons from disease eradication and elimination efforts.
Achieving equity in vaccination coverage
Expanding access and ensuring equality in uptake of vaccines requires strong immunization systems. In this context, the ongoing emphasis on new vaccine introduction, while exposing the fragility of these systems specifically in low-income countries, also created opportunities in several ways: It generated additional advocacy and visibility for immunization and provided opportunities for training and change in immunization practices. Vaccine management and service implementation was improved in many countries, including planning, demand forecasting, vaccine supply, cold chain and logistics, and improved data quality through better recording, report-ing, and use of immunization data for programme monitoring [24, 25] .
However, strong service delivery systems alone are not enough to achieve optimal impact and need to be accompanied by appropriate policies and strategies that promote the equitable delivery of vaccination. The WHO Global Routine Immunization Strategies and Practices (GRISP) lays these out in a comprehensive manner [26] . In this framework, delivery of immunization services through fixed health facilities and mobile outreach services is considered the most basic means for reaching all populations. This includes strategies for detecting and reaching marginalized and partially served populations, adjusting service availability and convenience, creating synergies with accelerated disease control activities, and creating demand for vaccination. These routine services may be supplemented by a strategy termed the Periodic Intensification of Routine Immunization (PIRI) as a mechanism to catch up individuals who may have missed their routine doses. Another strategy to rapidly increase population immunity is to deliver additional doses of vaccines through supplementary immunization activities (SIAs) or vaccination campaigns.
Inclusion of communities and civil society is crucial to make sure the vaccines and their delivery are acceptable, appropriate, and sustainable. Community-based organizations have stepped up their involvement in immunization and developed locally adapted solutions to removing social and cultural barriers, to re-create trust in immunization services, where it had waned, and to increase the locally adapted use of vaccines. In this context, important advances were also made in better understanding vaccine acceptance and hesitancy, which led to stagnant or declining vaccination coverage and resulted in outbreaks of VPDs in some places. The WHO Guide to Tailoring Immunization Programmes (TIP) helps to identify and prioritize vaccine hesitant populations and subgroups, diagnose the demand and supply-side barriers to vaccination in these populations, and design responses to vaccine hesitancy appropriate to the setting, context, and population [27] .
At the same time, efforts are being made to measure and publish data on inequalities in immunization coverage [28] . The World Health Organization (WHO) and United Nations Children's Fund (UNICEF) are encouraging all countries to conduct respective analysis to inform programme planning. A new WHO technical guide outlines in further detail how to progress from measurement of inequities to developing and implementing operational plans to achieve their reduction [29] .
There is also a growing interest in the use of incentives to attain higher immunization coverage and improved health outcomes. Result-based financing (RBF) is a broad term that includes a variety of incentive schemes to provide resources to individuals, households, health workers, and district or local governments, whereby payment is conditional on the achievement of agreed-on and measurable outcomes. Although there is potential to improve coverage with such programmes, the overall quality of evidence is still relatively low. Countries with weaker management and monitoring and evaluation systems in place can face challenges in implementing RBF mechanisms, and the impact of RBF in countries with weak health systems is unclear [30] .
Other approaches to improving immunization coverage include national vaccine legislation that mandates immunization and often includes the provision of a budget line for vaccine procurement [31] .
Examples of successfully adapted national vaccination strategies are seen in India, where strong political will coupled with innovative and flexible immunization approaches and an appropriate monitoring framework (e.g., with geospatial mapping) led to a substantial increase in equitable coverage across the country [32, 33] .
In spite of their relatively higher gross national income (GNI)/capita, middleincome countries (MICs) that have been excluded from Gavi support or are about to lose this support, increasingly recognize inequities in vaccine coverage as a se-
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Impfstoffe · Globale Strategien · Erweitertes Impfprogramm · Gesundheitssysteme · Integration rious problem in achieving their health goals [34] . Currently, more than two thirds of the world's poor live in MICs and the largest fraction of children without access to vaccines is born in these countries [35] . Delays in vaccine procurement resulting in interruption in services, together with increasingly reported vaccine hesitancy, contribute to declining or stagnant coverage in some of these countries [36] . In addition, there is persistent inequality in coverage in some socially disadvantaged populations and among the increasing number of migrants. In response to these equity challenges, MICs with support from major immunization partners 2 have developed strategies addressing a number of specific issues important to sustainably reach the underserved populations [37] . These include support for decision-making and political commitment, financial sustainability, enhanced demand and eq-2 WHO, UNICEF, Gavi, BMGF and others.
uitable delivery, as well as affordable and timely supply [35] . The new Gavi strategy 5.0 also includes an additional provision for addressing immunization challenges in MICs, specifically with regard to vaccine price, quality, and supply [6, 38] .
Finally, further developments in vaccine delivery technologies could help in improving equitable vaccine coverage. A 100-year old technology for the administration of vaccines based on needle and syringe is still in use today. This technology is relatively complex to use, requires substantial training, is prone to programmatic errors, results in sharps waste, and may be a factor in the decreasing acceptability of vaccination [39] . New technologies, e.g., microarray vaccine skin patches could allow less well-trained health workers to administer parenteral vaccines, reduce fear and hesitancy, simplify vaccine storage and transport, and improve vaccination coverage and reach [40] .
Expanding vaccination across the life course
Another important approach to reducing inequities in immunization is the extension of immunization beyond infant vaccination [41] . With many more vaccines in the schedule and the need for administering booster doses, EPI services need to increasingly achieve adequate coverage in all target populations across the life course. Additional vaccines for all age groups are available or will likely become available in the near future targeting infants and young children (e.g., vaccines against measles [2nd dose], mumps, rubella, Japanese encephalitis, Group A and W meningococcus, varicella, hepatitis A, typhoid fever, malaria, dengue, enterotoxigenic E. coli, shigella, and Group A streptococcus), older children and adolescents (tetanus adolescent dose, human papilloma virus [HPV] vaccine), pregnant women (influenza, pertussis, group B streptococcus, respiratory syncytial virus vaccines), and older adults (varicella-zoster vaccine). These new contacts with the health systems will also offer opportunities to provide missed vaccine doses that should have been administered earlier. New platforms for vaccine delivery are further explored, such as antenatal maternal services, pre-school and school-based delivery, adolescent health programs, as well as risk-based, targeted services for health workers and for specific patient groups in need of certain vaccines (e.g., diabetics).
Promoting integration of immunization in the health sector
Among all preventive healthprogrammes and initiatives, the EPI traditionally has the greatest ability to reach infants, children, and pregnant women. With the ambitious goals set by the Sustainable Development Goals (SDGs) and the WHO's 13th General Programme of Work, including a renewed emphasis on primary health care and universal health coverage, further synergies among different health programmes are being promoted [42] . Given the broader spectrum of diseases against which vaccines are or will soon be available, NIPs will need to work in a more cohesive way using integrated delivery platforms and broader collaboration in planning processes to achieve sustained equity and efficiencies.
Vaccines have an important place in comprehensive approaches to disease control. The use of vaccines against hepatitis B, pneumococcal, rotavirus, and HPV infection are vital interventions in the broader disease control efforts against chronic liver disease, acute respiratory infections, meningitis, severe diarrhoea, and cervical cancer [43] . Elimination of maternal and neonatal tetanus as a public health problem should be achievable in the near future in the remaining 12 countries (as of July 2019) by applying integrated strategies and activities including the immunization of children, mothers, and women of reproductive age together with the promotion of clean deliveries and cord care practices. In this broader context, tetanus toxoid will successively be replaced with tetanus-diphtheria vaccines to ensure sustained protection against both diseases [44] . The new WHO strategy to achieve the elimination of cervical cancer as a public health concern focuses on increasing the coverage of vaccination against HPV as one of three key targets besides screening and HPV testing [45] . NIPs can also help to further increase equitable coverage of other health interventions, such as vitamin A supplementation, anti-helminthic treatment, nutrition interventions, insecticide-impregnated bed-nets, and intermittent preventive treatment against malaria. Other important preventive interventions are being added, e.g., for adolescents [46] . Improving coordination and collaboration between immunization and other preventive and curative services can result in efficiency gains, save resources by offering one-stop services at the point of delivery, and increase the use of social mobilization to increase demand [16] . In addition, non-governmental and private vaccinators can enhance the ability of programmes to deliver recommended vaccine doses, especially to clients who prefer them over public services.
An added operational approach to increasing equitable immunization coverage is the reduction of missed opportunities for vaccination. Unvaccinated and under-vaccinated children and pregnant women may access health services to seek care, and such a visit becomes a missed opportunity if immunization is not addressed. This could quite easily be rectifiedbyhealthfacilitystaffinbothnon-immunization and immunization services reviewing the vaccination status of all clients presenting or accompanying others and providing any missed doses [47, 48] . Recent work has shown that immunization coverage increases of 10%, and more can be achieved with relatively simple measures. Chad, with 43% of eligible children leaving health facilities unvaccinated, made a quick evaluation and initiated a missed-opportunities-forvaccination strategy using cross-referral, which led to a sizable increase in the number of vaccinated children [47] .
A further example of using vaccines in an integrated approach to curb global health threats is the fight against antimicrobial resistance (AMR), currently one of the most alarming issues for human health. Drug resistant infections may already cause 700,000 deaths per year and it is estimated that 10 million deaths due to AMR may occur every year after 2050 [49] . Vaccines can impact antibiotic-resistant infections through a direct reduction in the resistant organisms and strains that are specifically targeted by the vaccine, as well as through a reduction in common illnesses that often lead to the use of antibiotics and therefore selection pressure on pathogens [50] . The widespread use of Haemophilus influenzae type b (Hib) and pneumococcal vaccines have resulted in a dramatic reduction in disease burden and have been associated with decreased incidence of resistant strains. Universal coverage with pneumococcal vaccination could potentially avoid more than 11 million days of antibiotic use per year in children under 5 [51, 52] . A newer typhoid conjugate vaccine has a potential for high impact on prevention and control of antimicrobial resistant typhoid fever and was recently strategically used to control an extensively drug resistant typhoid outbreak in Pakistan [53] . But vaccines against viruses, e.g., influenza, can also exert a major impact here, due to the inappropriate prescription of antibiotics. Vaccines offer a more sustainable approach to infection prevention, since pathogen resistance to vaccines is uncommon [51] . The equitable use of vaccines is expected to avert substantial parts of the AMRrelated fraction of disease, reduce antibiotic use, and-together with other interventions across human and animal health-add to the reduction in the economic and societal burden of AMR [54] .
Lessons from disease eradication and elimination efforts
While the aspirational GVAP goals to eradicate polio and eliminate measles and rubella will not be met by 2020, substantial progress has been achieved in these areas. Wild poliovirus (WPV) type 2 was certified as eradicated in 2015 and WPV type 3 has not been detected since 2012. WP type 1 is circulating in a mere two countries. At the same time, measles cases have been reduced through vaccination by 83% since 2000, preventing 21.1 million deaths [8] . Important lessons informing enhanced immunization strategies can be learned from these efforts.
The new Polio Endgame Strategy for the years 2019-2023 uses intensified immunization approaches in Afghanistan and Pakistan, e.g., so-called hit-and-run vaccine delivery in conflict-affected and insecure areas [55] . At the same time, strides are being made to integrate the delivery of polio vaccination and ded-icated surveillance networks fully into NIPs [56] .
Measles, due to its high contagiousness, is often viewed as the "canary in the coal mine, " exposing even small areas of inequities that are not visible when just looking at inequalities in coverage. Again, strategies to accelerate progress towards measles elimination comprise the enhanced use of surveillance platforms, which have been established in many countries to detect and respond to communicable diseases. In addition to conducting surveillance, the collection of detailed subnational coverage data and outbreak investigations are used to distinctly map areas and age groups with immunity gaps. Specific approaches can then be used to fill these gaps in line with the Measles and Rubella Strategic Plan, e.g., through targeted SIAs [57] .
Other epidemic-prone diseases periodically threaten the health and livelihoods of people [58, 59] . Outbreak risks are magnified by rapid population growth in areas with weak health systems, urbanization, human mobility, conflict, and the changing nature of pathogen transmission between human and animal populations [60] . These drivers of disease emergence are likely to continue and intensify, while ecological changes, including climate change, can further amplify disease emergence risk [61] .
Reducing the risk of epidemic-prone VPDs involves several strategies: anticipating and preventing outbreaks using preventive vaccination campaigns (e.g., when immunity gaps accumulate or when natural disasters or other humanitarian emergencies increase risk); timely outbreak response to limit spread; postoutbreak initiatives to rebuild resilient health systems or address shortfalls that led to the outbreak. Where possible, such initiatives should be combined with other vaccines or interventions, as appropriate, to maximize impact and achieve efficiency gains [62] . Capacities for the rapid deployment of vaccines and other interventions have been strengthened as a legacy of polio eradication and measles elimination efforts. Major efforts for rebuilding systems with enhanced preparedness and response capacities were seen with the recent Ebola outbreaks in West and Central Africa; this strategy was also pursued in the cholera outbreaks in conflict zones of Syria and Yemen or the diphtheria outbreaks among the Rohingya refugees in Bangladesh.
Outbreaks sometimes necessitate the use of new pre-licensure vaccines, as successfully implemented during the Ebola outbreaks. A new entity, the Coalition for Epidemic Preparedness Innovations (CEPI) was set up with the mission of stimulating and accelerating the development of vaccines against emerging infectious disease and enabling access to these vaccines for people during outbreaks [63] . CEPI is presently working on the preparedness and response against five priority pathogens: Chikungunya, Lassa virus, Marburg virus, MERS coronavirus, and Nipah virus, thereby covering some of the WHO research and development 'blueprint' priority diseases [64] . CEPI's work includes manufacturing across the supply chain, stockpile establishment, and research to accelerate vaccine development with the aim to stop epidemics before they turn into large-scale health emergencies.
Firming up synergies between accelerated disease control efforts and routine immunization can contribute to achieving immunization goals. Using the added attention on outbreaks, vaccination campaigns can also be used to actively look for and refer inadequately immunized persons to regular vaccination sessions, thus reinforcing overall immunization systems [16] .
Conclusions
Extensive global progress has been made using immunization strategies specifically adapted to low-and lower middleincome countries and significant reductions in VPD and mortality were achieved. The many factors affecting vaccine implementation, ranging from weak health systems to humanitarian crises, outbreaks, hesitancy, and flagging demand for vaccination show the clear need for continued support of implementation of these strategies to sustain overall health gains and reach globally agreed immunization targets.
Equitable access to vaccines across and within countries is key to success. Robust delivery mechanisms are needed if vaccines are to reach their full potential. To be effectively implemented, vaccines should be integrated into primary health care, so that vaccine schedules can be optimized for all age groups (e.g., by using school, adolescent, and other agespecific health services) and opportunities to vaccinate are not missed. Immunization should be delivered in peoplecentered ways as part of primary health care in order to reach universal health coverage. In addition, vaccines are well placed for preparing for and responding to epidemics and may exert a major positive effect on AMR. The next decade will see new and improved vaccines, opportunities, and technologies to build better immunization services.
Global immunization partners are presently developing the IA 2030, which aims to exploit these opportunities by positioning immunization as a human right and as an investment to make the world healthier, safer, and more prosperous. It will include strategic priorities 3 and worldwide goals for the new decade and will be accompanied by diseasespecific strategies, regional and country plans, immunization partner strategies, and an overall monitoring and evaluation framework. The strategy will be endorsed by the World Health Assembly (WHA) in May 2020 and is designed to further evolve according to changing needs [7] . Meeting the challenges of immunization in the near future will require commitment and contributions from many stakeholders, including national governments, global agencies, development partners, regional bodies, and civil society, and such commitment is one of the crucial links for sustainability, delivering more vaccines to more along the full life course.
